INTRODUCTION
Pembrolizumab is an antieprogrammed cell death receptor protein-1 (PD-1) monoclonal antibody first approved in 2014 by the US Food and Drug Administration for the treatment of metastatic melanoma. Pembrolizumab targets the PD-1, blocking the immune checkpoint and subsequently boosting the immune response against cancerous cells. Although effective against systemic disease, antiePD-1 therapy is also associated with adverse effects such as vitiligo and pruritus caused by overstimulation and hyperproliferation of the immune system. 1,2 A recent small study found efficacy of this medication for treatment of systemic natural killer/T-cell lymphoma, 3 although, to our knowledge, studies of this medication for treatment of cutaneous T-cell lymphoma (CTCL) have not yet been published.
CASE REPORT
We report on a 61-year-old man who had melanoma of 0.35 mm in thickness on the posterior scalp in 2009 (Table I) . The melanoma was removed with wide margins.
In January 2015, a recurrence of 0.75 mm in thickness was excised. A computerized tomography (CT) scan in February 2015 found 3 lung and 2 liver lesions. A fludeoxyglucose positron emission tomography scan confirmed intense uptake to the 3 pulmonary nodules, suggestive of metastatic melanoma.
A subsequent biopsy of the left lung confirmed metastatic melanoma (BRAF wild type).
In April 2015, the patient began treatment with antiecytotoxic T-lymphocyteeassociated protein-4 (CTLA-4) immunotherapy (ipilimumab) but was switched to pembrolizumab because of disease progression in August 2015. A CT scan 2 months later showed significant reductions in size of pulmonary and liver metastases. Subsequent CT scans and magnetic resonance imaging performed between July 2016 and January 2017 indicated stable disease.
Although the melanoma was under control, adverse effects from immunotherapy began to develop. The patient first observed small papules on his head and neck area in July 2016, clinically assumed to represent an acneiform eruption. The patient also had vitiligo in his neck and chest area in October 2016. Over the course of several weeks in February to March 2017, a papule on his left cheek developed into an ulcerated nodule of 6 cm (Fig 1 and B). In addition, new papules and nodules developed on his neck, and erythematous patches developed on the upper trunk (Fig 1, B) . Biopsies from the left cheek ulcerated nodule, a neck papule, and an erythematous patch on the upper trunk all found an epidermotropic T-cell lymphoma that was
1 . There were numerous CD4
1 and CD8 1 T cells with a slight predominance of CD8 1 T cells. A CD30 stain labeled only a few scattered small lymphocytes. In situ hybridization for Epstein-Barr viral mRNA was negative, as was staining for GM3 and CD123. The atypical lymphocytes did not have significant labeling with PD-1.
A fludeoxyglucose positron emission tomography scan in May 2017 found intense abnormal uptake in papules and nodules on the left cheek and upper neck, consistent with the patient's epidermotropic T-cell lymphoma, but no signs of systemic involvement.
Histopathologic and clinical differential diagnosis for this epidermotropic T-cell lymphoma included primary cutaneous aggressive epidermotropic CD8 
T-cell lymphoma, CD56
1 tumor stage mycosis fungoides, and an unusual CD56
1 lymphoma developing in the setting of pembrolizumab-mediated immunomodulation. Because primary cutaneous aggressive epidermotropic CD8 1 T-cell lymphoma does not typically express CD56, given the CD56 positivity in this case, we thought that this condition could be excluded. Furthermore, because the nodules did not develop within pre-existent patches and plaques, CD56
1 tumor-stage mycosis fungoides was ruled out. Therefore, because the patient's lymphoma did not fit neatly into any one known category type of cutaneous lymphoma, we think that it is most likely that his lymphoma represents an unusual CD56
1 lymphoma developing in the setting of immunotherapy used to treat the patient's melanoma.
Pembrolizumab treatment was discontinued as of April 2017 given the development of this cutaneous lymphoma. Because an initial staging evaluation did not show systemic disease, and only the facial and neck lesions were symptomatic, the patient was initially treated with radiation therapy to avoid immunosuppressive medications: 37 Gy local to symptomatic areas over 3 weeks. However, the lesions did not resolve, and the patient is currently taking low-dose pralatrexate (15 mg/m 2 ) weekly every 3 of 4 weeks.
DISCUSSION
Given that pembrolizumab influences immune activity by blocking PD-1 signaling, it likely had a role in the development of lymphoma in this patient. Physiologically, strong PD-1 signaling inhibits T-cell proliferation, and a PD-1 blockade can increase immune function via an increase in T-cell proliferative capacity. 4 Hyperproliferation of T cells is associated with adverse events such as vitiligo, 2 sarcoidosis, 5 and autoimmune limbic encephalitis. 6 Treatment with pembrolizumab is reported to be associated with exacerbation of existing autoimmune diseases, 7 most likely caused by overactive T cells. Hypopigmentation seen clinically in this patient probably indicates CD8
1 T-cell destruction of melanocytes, the reputed cause of vitiligo. 2 We recognize that the development of the patient's lymphoma cannot be fully attributed to treatment with pembrolizumab. It is possible that the 2 cancers developed coincidentally, although de novo formation of the lymphoma is unlikely, as it had an unusual immunophenotype not characteristic of any common lymphoma. It is alternatively possible that the 4 cycles of ipilimumab, which the patient received before starting pembrolizumab, played a role in leading to T-cell hyperproliferation. Experiments in mice have shown that germline deletion of CTLA-4 leads to severe disorders related to increases in immune proliferation and activity, 8 and, more importantly, clinical observations of immune related adverse events caused by antieCTLA-4, including vitiligo and sarcoidosis, are well established. 9 However, because this patient's lymphoma developed a year after discontinuation of ipilimumab, it is unlikely that ipilimumab induced the lymphoma. Therefore, we believe that the patient's lymphoma was most likely induced by CD56 1 T-cell hyperproliferation caused by pembrolizumab. To our knowledge, there are no published studies of PD-1 blockade for treatment of CTCL, although an abstract regarding this was presented at the 2016 World Congress of Cutaneous Lymphoma. In this preliminary study, it was reported that PD-1 blockade was effective in treating about 30% of CTCLs studied. 10 We report a case of CTCL during melanoma treatment with the PD-1 inhibitor pembrolizumab. Although a definitive causal relationship is hard to establish, we believe that pembrolizumab has facilitated CTCL because of its effects on the immune system, the chronology, and the lymphoma's atypical histopathology. Clinicians should be aware that atypical cutaneous eruptions can indicate development of cutaneous lymphoma in patients receiving pembrolizumab.
